mous cell pharyngeal carcinomas [8 -10] . Early detection is associated with a better prognosis and use of minimally invasive treatment techniques such as endoscopic resection. However, endoscopic observation of the pharynx is difficult, and some pharyngeal tumors may remain undiagnosed. To reduce the rate of undiagnosed cancers, it is important to observe the pharynx carefully under less-active gag reflex, and to know the blind spots in the pharynx.
To identify the best anesthetic for pharyngeal observation, we conducted a prospective, double-blinded, randomized clinical trial that compared lidocaine spray alone (spray group) with a combination of lidocaine spray and viscous solution (combination group).
The viscous solution is hard to swallow because of its viscous texture and bitter taste [4, 11] . In addition, it prolongs the duration of pharyngeal anesthesia and increases the risk of lidocaine intoxication. In this study, if the spray group was not inferior to the combination group in terms of pharyngeal observation, lidocaine viscous solution would be considered unnecessary. We devised a non-inferiority trial to test this hypothesis.
Patients and methods

Patients
Patients age ≥ 20 years undergoing transoral UGE from January to March 2015 provided written informed consent prior to endoscopy. Only patients who agreed to participate in the study were enrolled. Patients who had previously undergone surgical or endoscopic mucosal resection for pharyngeal cancer were excluded, because their pharynxes had been removed or were too damaged to evaluate. Other exclusion criteria were a history of allergy of lidocaine, difficulty participating in the test because of psychosis or psychotic symptoms, and determined to be unable to carry out the study.
Study design and anesthesia protocols
This prospective, double-blinded, randomized study was conducted with patients from a single center (Kanazawa University Hospital, Ishikawa, Japan).
We inquired about study participants' expectation of sedation at the time of informed consent, before group allocation. If expectation of sedation is confirmed after group allocation, the patients in the spray group are more likely to expect more sedation than those in the combination group. The enrolled patients were randomized by computer-generated numerical codes to receive either spray or spray plus viscous solution (simple randomization, allocation ratio 1:1). A stratification factor (by sedation status or presence/absence of sedation) was included in the analysis because the results are likely to depend on sedation. The randomization list was stored in the clinical laboratory department, and could not be accessed by the study researchers.
The combination group received lidocaine viscous oral solution 2 % (Xylocaine Viscous 2 %; AstraZeneca, Osaka, Japan). Lidocaine viscous solution was allowed to accumulate in the back of the throat for about 3 to 5 minutes. The spray group received a placebo (the patient could not distinguish the two by taste) that was allowed to accumulate in the back of the throat for about 3 to 5 minutes, similar to lidocaine viscous solution. After this step, participants of both groups inhaled five puffs (40 mg) of lidocaine (Xylocaine Pump Spray 8 %; AstraZeneca, Osaka, Japan).
To remain blinded, the endoscopist entered the room only after pharyngeal anesthesia.
According to a previously described method [12] , the endoscopist took the first image immediately upon insertion of the endoscope, followed by 6 endoscopic images of the oropharynx, 4 images of the hypopharynx, and 1 image before insertion into the esophagus. The nasopharynx was not included in these examinations. Overall, 12 narrow band images were obtained per patient. We determined the time before the endoscopist was able to obtain any images. The endoscopist inserted the endoscope into the esophagus when it was impossible to obtain images as a result of a continuous gag reflex.
Two endoscopists (T. H. and Y. A.) measured the time between the first and last images, and assessed whether the ten images of the oropharynx and hypopharynx were appropriate (▶ Fig. 1 ). The endoscopists were blind to the study arm and independent from endoscopists who examined patients. The definition of an appropriate image required 3 criteria. First, the image was taken at the appropriate location. Second, the image was on focus. Third, mucus had been removed, and it was possible to evaluate the color of the pharyngeal mucosa in the images. Screening and pharyngeal examination were performed under unmagnified observation.
After the endoscopic procedure was carried out, the following data were recorded for each patient: age, gender, height, weight, body mass index (BMI), Eastern Cooperative Oncology Group (ECOG) performance status (PS), drinking and smoking habits, and the number of endoscopic procedures.
Subjective symptoms of pain were evaluated by questionnaire after endoscopy. Pain was evaluated on an 11-point visual analogue scale (VAS), where 0 indicated no pain, and 10 points indicated the most severe pain.
The researcher evaluated pharyngeal observation time and whether images of predetermined sites were clear. Two independent blinded expert endoscopists evaluated the quality of the images obtained at the predetermined sites. In case of disagreement, consensus was reached upon discussion with a panel of 3 other expert endoscopists.
Endoscopic examinations
All endoscopic procedures were carried out using a magnifying endoscope (GIF-H260Z; Olympus Medical Systems, Tokyo, Japan) with a hood attachment (MAJ-1990; Olympus Medical Systems). The videoendoscopy system used in this study comprised a video processor (EVIS LUCERA ELITE CV-290; Olympus Medical Systems) and a light source (EVIS LUCERA ELITE CLV-290SL; Olympus Medical Systems). Prior to the procedure, each patient was given 100 mL water containing 20,000 units pronase (Kaken Pharmaceutical, Tokyo, Japan), 1 g sodium bicarbonate, and 10 mL dimethylpolysiloxane (20 mg/mL; Horii Pharmaceutical Industries, Osaka, Japan).
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Afterward, pharyngeal anesthesia was performed as described in "Study design and anesthesia protocols."
Patients were placed in the left lateral decubitus position, with endoscopic examinations carried out while they were awake or under conscious sedation with midazolam (Dormicum Injection; Astellas Pharma, Tokyo, Japan). The patient's wish to the use of a sedative was obtained before the procedure. The sedative was adjusted within the range of 2 mg to 5 mg based on the patient's body weight. The pharynx was assessed at the beginning of each examination, and standard endoscopy was carried out at the end of each pharyngeal examination. If pharyngeal lesions were detected, the examination was completed first and the lesions were evaluated at the end of endoscopy.
Outcome measures
The main outcome was a difference in the number of pharynx observable sites between the spray group and combination group (non-inferiority trial).
The secondary outcomes were (1) a difference in endoscopy-associated pain; (2) a difference in the pharyngeal observation time; (3) subgroup analysis of presence or absence of sedation; (4) adverse effects of lidocaine including decreased SpO 2 (< 90 % or decrease of more than 4 % for < 94 %) decreased blood pressure (systolic blood pressure < 90 mmHg), and bradycardia (< 60/bpm or decrease of more than 10 %) [12] ; and (5) the percentages of suitable quality images obtained at the ten prescribed points.
Statistical analysis
Sample size was calculated as follows. An experienced endoscopist is expected to be able to observe 90 % (9.0 sites) of the pharyngeal sites [13] . A non-inferiority threshold [Δ] of 10% (1.0 site) was selected to indicate that it was acceptable that the number of pharyngeal sites observed in the spray group was 10 % lower than that in the combination group. It was estimated that at least 310 cases were required to detect statistically significant differences, admitting a type I error rate of 0.025 (one-sided test) and a statistical power of 90 %. Therefore, we have determined that it was necessary to include a total of 320 cases in consideration of dropouts.
Presence or absence of sedation was used as stratification factor.
Continuous variables are expressed as mean (standard deviation [SD]), and comparisons between groups were performed using the Student's t-test or Mann Whitney U test (not approximately normally distributed). Categorical variables are expressed as percentage, and comparisons between groups were performed using Fisher exact tests. The level of statistical significance was defined as a P value < 0.05. Only the researchers performed the collection and aggregation of data. All statistical analyses were performed with SPSS II statistical software (SPSS Japan Inc., Tokyo, Japan). Fig. 1 The 10 images of the oropharynx and hypopharynx. The definition of a high-quality image required 3 criteria: first, the image was taken at the appropriate location; second, the image was on focus; third, mucus had been removed, and it was possible to evaluate pharyngeal mucosa color.
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Results
▶ Fig. 2 shows a flow chart of patient selection and allocation. There were 468 eligible UGE patients who fulfilled the inclusion criteria. Of those, 141 patients refused to participate in the study. Finally, 327 patients were enrolled and randomly allocated to the spray group (157 patients) and the combination group (170 patients) by computer-generated codes.
Patient demographics and clinical characteristics are shown in ▶ Table 1 . The patients in the 2 groups were similar with regard to age, gender, height, weight, BMI, ECOG PS, drinking habits, smoking habits, the number of endoscopic procedures, and patients requiring sedation and antispasmodic drugs.
The rate of agreement between the two endoscopists was 92.4 %, and the Kappa statistic was 0.767.
The mean number of images with suitable quality of the pharyngeal observable sites per patient in the spray group was 8.33 (95 % confidence interval [CI]: 7.94 -8.72), and that in the combination group was 8.77 (95 % CI: 8.49 -9.05). The difference in the number of pharyngeal observable sites was -0.44 (95 % CI: -0.84 to -0.03, P = 0.01) (▶ Table 2 ).
▶ Table 3 shows the difference in pain and situation during endoscopy. There were almost no differences in pain evaluated by VAS (2.27 ± 2.88 vs. 2.33 ± 2.63, P = 0.85), pharyngeal observation time (72.0 ± 34.7 vs. 67.0 ± 27.8 seconds, P = 0.15), and the number of gag reflexes (2.12 ± 2.58 vs. 1.68 ± 2.27, P = 0.10) in the two groups. There were almost no differences in adverse events, decrease of SpO 2 (2.55 % vs. 5.29 %, P = 0.20), decrease of blood pressure (0 % vs. 1.76 %, P = 0.27), and bradycardia (0 % vs. 0 %, P = 1.00) between the 2 groups.
Subgroup analysis for presence of sedation (223 cases) revealed almost no differences between the 2 groups in the number of pharyngeal observation sites (8.48 ± 2.16 vs. 8.79 ± 1.85, P = 0.25), pain evaluated by VAS (1.08 ± 2.06 vs. 1.33 ± 2.16, P = 0.79), pharyngeal observation time (73.3 ± 36.6 vs. 68.3 ± 30.9 seconds, P = 0.14), and number of gag reflexes (2.02 ± 2.44 vs. 1.86 ± 2.45, P = 0.63) (▶ Table 4 ). Subgroup analysis of absence of sedation (104 cases) revealed almost no differences between the 2 groups in the number of pharyngeal observation sites Table 4 ). ▶ Table 5 shows the percentages of suitable quality images obtained at the ten prescribed points. The percentage of suitable quality images at the right pyriform sinus was significantly lower in the spray group compared to the combination group (82.8 % vs. 91.2 %, P = 0.02). There were no significant differences in the percentage of suitable quality images at any of the other points the between the 2 groups.
Discussion
This is the first study evaluating pharyngeal observation in patients receiving lidocaine spray alone versus lidocaine viscous solution and spray combination as topical pharyngeal anesthesia. According to a previous report, topical lidocaine spray may ▶ be described as a better option than lidocaine viscous solution because of higher procedural completion rate, greater ease of intubation, and greater satisfaction for both the patient and the endoscopist [7] . If the spray group were not inferior to the combination group in terms of pharyngeal observation, lidocaine viscous solution would be considered unnecessary. We found that lidocaine spray alone performs similar to lidocaine spray plus viscous solution for pharyngeal observation during transoral endoscopy. For the observation of the pharynx, addition of lidocaine viscous solution was found not to be necessary. Side effects of lidocaine include an anaphylactoid reaction and poisoning after an increase in concentration of circulating lidocaine. The frequency of anaphylactoid reactions is low among amide-type local anesthetics such as lidocaine. However, methylparaben, which is added as a preservative, has similar structure and cross-antigenicity to para-aminobenzoic acid. Para-aminobenzoic acid can induce T-lymphocyte antibody production and sensitization, and eventually cause an allergic reaction. Thus, anaphylactoid reactions are probably non-immunoglobulin E-mediated anaphylactoid reactions in which the presence of methylparaben in the local anesthetic solution plays a major role [14] . Methylparaben is included in lidocaine viscous solution, but not in lidocaine spray.
Local anesthetics poisoning by lidocaine spray is thought to occur because the concentration of lidocaine is higher in the spray than in the viscous solution. However, 5 puffs of spray (40 mg lidocaine per puff) are usually sufficient for pharyngeal anesthesia. It is extremely rare to use more than 200 mg lidocaine per dose; a higher dosage could cause local anesthetics poisoning during pharyngeal anesthesia. In other words, the possibility of poisoning by lidocaine spray alone is considered to be extremely rare in pharyngeal anesthesia. However, the combined use of lidocaine spray and viscous solution increase the potential of poisoning. To prevent poisoning, it is important to perform minimal pharyngeal anesthesia with a valid method. In this study, the number of adverse events was higher in the spray group compared to the combination group, although this different was not significant because of the small number of events. Although the effect of sedation is suspected to decrease SpO 2 or blood pressure, it is undeniable that adverse effects of lidocaine are stronger in the combination group. To prove this fact, it is necessary to perform the study in a larger number of cases.
There were no significant differences in pain by VAS, pharyngeal observation time, or the number of gag reflexes between the 2 groups. These differences were also considered to be very clinically slight. The differences of 0.06 points for the VAS (max 10 points), 5.0 seconds of pharyngeal observation time, and 0.44 times of gag reflexes were not clinically meaningful.
In the subgroup analysis of each pharyngeal site, the spray group was inferior to the combination group in terms of observation of the right pyriform sinus, statistically. But the difference of 8.4 % of observation rate of this structure was not clinically meaningful. This difference could be attributable to multiple comparisons, and there might be no statistically significant difference in left pyriform sinus observation. Although the possibility of the effect of anesthesia in the hypopharynx being stronger in the combination group cannot be denied, it is necessary to assess a larger number of cases because the results are not consistent between the left and right sides. Since the pyriform sinus is the predilection site of pharyngeal cancer [15] , it is desirable to perform further studies on the relationship between the extent of hypopharyngeal anesthesia and pharyngeal observation.
In this study, the number of gag reflexes was significantly higher in the spray group than in the combination group in subgroup analysis (no sedation). It is possible that the no-sedation group was more susceptible to pharyngeal anesthesia. Conscious sedation during endoscopic examination can provide more adequate anxiolysis and acceptance than wakefulness [16] .
Because of strong pain experienced by the patients, there are some opinions that pharyngeal observation is not needed. However, the overall rate of detection of pharyngeal cancer by screening endoscopy is as low as 0.26 % [16] . In patients who ▶ are not at increased risk of pharyngeal cancer, the rate of detection of pharyngeal cancer is 0.11 % [17] . Although this rate is lower than the 0.26 % of gastric cancer detection rate by regular screening [18] , it is not a negligible value. Therefore, we are of the opinion that screening pharyngeal observation is necessary. Heuss reported that topical pharyngeal anesthesia does not seem to influence the ease of the procedure or patient or endoscopist satisfaction in adequately sedated patients [19] . Nevertheless, it remains unclear whether pharyngeal anesthesia improves pharyngeal observation in adequately sedated patients. A future prospective, double-blinded, randomized clinical trial is necessary to clarify this issue.
This study has some limitations. First, it was carried out at a single institution. Second, patients might be aware of the placebo of the viscous solution by detecting subtle differences in taste. Third, our study did not evaluate the postcricoid area. The nasal Valsalva and trumpet maneuvers with anterior neck skin traction cannot be carried out using transoral endoscopy [20] . The sniffing position in the left decubitus position can improve examination of the postcricoid area [21] . Future studies are needed to explore these methods.
Conclusion
In conclusion, with and without sedation, using only lidocaine spray for pharyngeal anesthesia was not inferior to using lidocaine spray and viscous solution in terms of pharyngeal observation. While the overall findings support the hypothesis that lidocaine viscous solution is unnecessary for pharyngeal observation, the subgroup analysis of each pharyngeal site indicated that spray might be inferior to combination treatment with regard to pyriform sinus observation.
